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^presented.  This  information  will  simplify  the  effort  needed  to  model  an 
emitter  port. 
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The  Intrasystem  Electromagnetic  Compatibility  Analysis  Program 
(lEMCAP)  is  quickly  becoming  the  most  used  EMC  analysis  tool  to 
analyze  the  intrasystem  compatibility  of  Air  Force  systems.  In  order 
to  make  the  program  easier  to  use,  this  report  has  summarized,  in  a 
short  document,  all  the  data  necessary  to  describe  the  emitter  ports 
in  an  lEMCAP  analysis.  This  information  will  be  used  by  the  EMC 
engineer  responsible  for  performing  the  lEMCAP  analysis.  This  effort 
is  in  support  of  TPO  R4C,  Electromagnetic  Compatlbilitv. 
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I.  Introduction: 


The  purpose  of  this  document  is  to  provide  a summary  of  some 
of  the  important  data  input  parameters  for  the  emitter  models  in  lEMCAP 
(Intrasystem  Electromagnetic  Compatibility  Analysis  Program).  Two 
types  of  emitter  models  will  be  considered:  Signal/Control  Line  Models 
and  RF  Models.  The  program  contains  models  for  other  emitters  (Power 
Lines,  Electro  Explosive  Devices  and  Equipment  Cases). 

The  format  of  this  summary  will  consist  of  a time- domain 
picture  of  a typical  signal  followed  by  the  definitions  of  the  required 
input  parameters  in  terms  of  the  time- domain  parameters. 

For  Signal/Control  Line  Models  and  RF  Models,  certain  frequency 
parameters  in  the  input  data  define  the  required  frequency  range  for  the 
port  associated  with  the  model.  Over  the  required  frequency  range,  the 
spectrum  is  defined  by  the  appropriate  model  (stored  in  the  code)  and  is 
not  adjustable  by  the  program.  Over  the  remaining  frequency  range  the 
spectrum  is  defined  by  the  (user  selected)  MIL-STD  limit,  e.  g. 
MIL-STD-461,  and  these  spectra  may  be  adjusted  by  the  program  for 
compatibility. 

For  Signal  Control  Line  Models,  the  input  parameters  are  f£ 
and  f^.  The  required  frequency  range  is  from  f^  to  f^. 

For  RF  Models,  the  input  parameters  are  f^,  f^  and  bwc  (channel 
bandwidth).  The  required  frequency  range  is  from 
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2 


bwc 


f 


To  provide  the  user  with  guidelines  for  selecting  these  parameters 
the  following  criterion  was  chosen.  The  required  frequency  range  was 
chosen  such  that  the  area  under  the  power  spectral  density  curve  (as 
stored  in  the  code)  within  this  range  is  at  least  95%  of  the  total  area  under 
the  curve.  This  criterion  is  reasonable  since  receptors  respond  to  the 
total  power  within  their  passbands.  For  proper  system  operation,  we  should 
therefore  attempt  to  insure  that  the  major  portions  of  the  desired  trans- 
missions of  the  emitters  are  not  designated  as  unrequired (and  therefore 
adjustable) . 

As  an  example^consider  the  Signal /Control  Line  Models  (PDM, 
NRZPCM,  BPPCM,  PPM,  RECTPL,  PAM)  which  have  power  spectral 
densities  (which  we  have  normalized  to  a peak  value  of  unity)  of  the  form 


r ’ 

range  for  the  Signal /Control  Line  Model).  The  parameter  bwc  defines 
this  range  so  we  choose  bwc  = 20  fm.  For  all  of  these  models  (PDM, 

NRZPCM,  BPPCM,  PPM,  RECTPL,  PAM)  the  curves  will  have 
identical  shapes;  only  the  values  of  f^  will  differ. 

For  the  remaining  Signal/Control  Line  Models  and  RF  Models, 
the  same  technique  was  employed.  However,  for  a few  of  the  models^ 
the  areas  under  the  curves  could  not  be  obtained  in  terms  of  general 
parameters 

[ The  frequencies  which  the  program  associates  with  each  port 

I of  an  equipment  are  input  by  the  user  in  a frequency  table  (the  FQTBL 

I card).  The  values  of  the  emitter  and  receptor  spectra  for  all  ports 

I ' within  this  equipment  at  only  those  frequencies  in  the  frequency  table 

[ represent  the  port  spectra.  The  actual  values  which  are  used,  however, 

are  the  quantized  values  of  the  spectra.  The  quantized  levels  are  the 
largest  values  for  an  emitter  spectrum  (smallest  values  for  a receptoi' 
spectrum)  within  a range  of  halfway  between  the  frequency  and  the 
! next  lower  frequency  and  halfway  between  the  frequency  and  the  next 

. higher  frequency.  To  provide  the  user  with  guidelines  for  selecting 

1 the  entries  in  the  equipment  frequency  table  such  that  the  quantized 

I 

spectra  closely  approximate  the  actual  spectra  ^a  list  of  frequencies 
for  each  type  of  emitter  model  follows  each  input  parameter  description. 

The  entries  on  the  equipment  frequency  table  card  (FQTBL)  should 
’ contain  the  suggested  frequencies  for  all  ports  in  the  equipment. 

'por  SAWTOOTH  (S/C)  and  DAMPED  SINUSOID  (S/C),  the  criterion  was  to 
! choose  f such  that  the  power  spectral  density  curves  are  down  by 

! approximately  20  dB  from  their  peak  values.  Por  BINARY  PSK  (RP),  bwc 

I was  chosen  such  that  the  power  spectral  density  curve  is  down  by  20dB 

I from  its  peak  value. 
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Certain  additional  frequencies  are  required  so  that  the  transition  be- 
tween the  model  curve  in  the  required  region  and  the  MIL-STD  limit  in  the 
nonrequired  region  will  be  correctly  modeled.  Consider  the  following  example 
of  a Signal/Control  line  emitter  port: 


/M  oJcl 


Curve 


^2  \ 


MZL-  STD 


Five  frequencies  30Hz,  fj,  f2,  f^j  fj,  are  selected  for  the  required  region. 

The  next  nearest  frequencies  (perhaps  selected  for  some  other  port  of  the 
equipment  which  also  contains  this  emitter),  f and  f,  , are  in  the  nonrequired 
range  for  this  emitter.  The  actual  quantized  curve  used  by  the  code  is  shown 
by  a dashed  line.  Note  that  the  repres' ntatlon  of  the  MIL-STD  limit  from  fj^ 
to  fg  is  not  very  good.  To  fix  this,  we  may  add  an  additional  frequency, 
the  frequency  table  which  is  to  the  right  of  f^^  and  as  close  as  possible  to 
f.  . This  results  in: 


<.  t,  t, 


' 1 
I 


and  brings  the  curve  in  the  required  region  down  to  the  curve  in  the  non- 
required  region  very  abruptly  and  produces  a better  representation  than  be- 
fore; the  closer  is  to  the  better.  We  may  choose  this  additional 
frequency  to  be 


Nr  h 


where  P is  a precision  constant  to  be  selected  and  P depends  on  the  machine 
being  used.  For  example,  on  an  IBM  370/165  computer,  we  might  choose 


* (1.000001) 


Therefore,  P = 6.  For  example,  if  f = 2000Hz,  then  f = 2000.002.  If  we 

tl  NR 

had  chosen  P = 9,  f „ = 2000.000002  but  in  single  precision  on  this  machine 
NR 

we  would  have  fj^  = 2000.000  since  only  approximately  7 decimal  digits  can  be 
accommodated  on  an  IBM  370/165  in  single  precision. 

An  additional  case  may  also  occur  for  which  we  obtain  equally  poor  re- 
sults even  though  f^^^^  has  been  added.  Suppose  the  MIL-STD  limit  is  above  the 
model  curve  at  f . For  example: 


and  a poor  representation  occurs  at  f^.  We  could  correct  this  by  adding  on 

additional  frequency  f , Immediately  preceeding  f and  as  close  as  possible  to 

R h 

f . This  would  result  in: 
h 
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and  we  have  managed  to  obtain  a better  representation  of  the  curve  in  the 

vicinity  of  f . Again  we  want  to  place  f as  close  as  possible  to  f and  the 
h R n 

closeness  will  depend  on  the  particular  machine  being  used. 

For  RF  models,  we  will  need  to  add  four  additional  frequencies  to  the 
frequency  table:  one  pair  immediately  to  the  right  and  left  of  the  highest 
frequency  in  the  required  range  and  one  pair  immediately  to  the  right  and  left 
of  the  lowest  frequency  in  the  required  range.  For  example: 


J 


These  additional  frequencies  are  included  in  the  suggested  list  of  fre- 
quencies to  be  included  in  the  frequency  table  in  terms  of  the  particular  ma- 
chine precision  constant  P: 

^ the  maximum  number  of  decimal  digits  which  can 
P ^ 'be  accommodated  by  the  particular  machine  being 
us  ed 

The  frequencies  suggested  for  inclusion  in  the  frequency  table  must  be  listed 
in  this  table  sequentially  in  terms  of  increasing  value.  For  example,  if 
three  of  the  frequencies  to  be  included  in  this  table  are  lOOHz,  300Hz,  and 
4000Hz,  these  must  be  punched  on  the  FQTBL  card  in  the  order 


FQTBL  , 100,  300,  4000, 

NOT 

FQTBL  , 300,  100,  4000, 


£1^  Signal/Conlfol  Lino  (S/C)  Mudols: 


Tho  Signal/Control  Line  (S/C)  Models  are  included  lo  model  iho 
power  spectral  densities  of  emitters  which  transmit  information  over 
wires  via  cable  bundles.  For  example,  a typical  emitter  and  its  intended 
load  are  shown  bi'low. 


Ml 


A 

T 

\lU)  fiewetrd-W 

C ; rcui'i" 

I ' 

Q rouMo  p I 


The  wire-to-wire  coupling  portion  of  the  program  computes  the  induced 
voltage  into  a receptor  circuit  due  to  voltage  V(t)  (or  current  I(t)).  This 
coupling  occurs  when  the  wirefe)  comprising  the  receptor  circuit  are 
routed  in  the  cable  bundle  containing  the  generator  circuit  wire. 

The  signal /control  line  waveforms  discussed  in  this  section  are 
either  V(t)  or  I(t)  (the  program  handles  either  one  and  the  user  desig- 
nates which  units  arc  intended  in  the  input  data  by  specifying  VLTS  or 
AMPS).  This  is  an  important  distinction.  The  required  parameters 
are  associated  with  the  waveform  V(t)  or  1(1)  produced  at  the  output  of 
the  device  when  it  is  connected  to  its  designated  load. 
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em  = modulation  index 

= bit  rate  (r^,  = — ) (Hertz) 

= 30  Hz 


u\o 


TELEGRAPHY 


(TELEG) 


V(t)  or  I(t)  ■ in(t)  cos  (ZiTf  t) 

tone 

.8 


WPM 


(sec)  WPM  = Words  Per  Minute 

^tone  = modulation  frequency 


Required  Input  Parameters; 

a = volts /amps  into  designated  load,  Rj_^ 

words  per  minute 
tone  modulation  frequency  (Hertz) 

30  Hz 


wpm 

^tone 


(3.98  wpm  + ) Hz 

tone 


Frequency  Table  (Hz) ; 


tone 


f.  ^ 0 

tone 


f^» 

.55fh,  fh,  ± 


^tone*  ^tone  ± •398wpm, 
^tone  ± -Swp®.  ftone  - 


^tone  ± 2.2wpm,  (1  + 10"^) 

Note:  Omit  frequencies  < 30Hz 
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Pulse  Amplitude  Modulation 


(PAM) 

This  model  represents  N signals  which  are  sequentially  sampled 
every  NT  seconds.  T is  the  time  interval  between  samples.  The 
amplitude  of  each  pulse  is  the  amplitude  of  the  sampled  signal  at  that 
time  and  the  pulse  width  of  the  sampling  pulse  is  T.  The  sample  values 
gL^’e  assumed  to  be  Gaussian  random  variables  with  variance  0. 


a 

= volts /amps 

into  designated  load,  R 

T 

= pulse  wi 

dth 

(seconds) 

1 \ 

= bit  rate 

V 

= X / (Hertz) 

= 30  Hz 

fh 

= 3.  18/t 

Hz 

Frequency 

Table  (Hz) : 

fn,  .If,, 

.2f  , .35f,  , 

.55f,  , f,  , f.  (1  + 10"^) 

Trapezoidal  Pulse  Train 
(TPZD) 


\l(i]  or  X«J 


/I  ^ 

7/F'77T/ 


P'r  — 


^6ec) 


Required  Input  Parameters: 


a = volts/amps  into  designated  load, 
rjj  = bit  rate  ^ ^ (Hertz) 

T = pulse  width  ^ — } (seconds) 

Tr  = pulse  rise/fall  time  (tj.  = — ^ 5 ^ ) (seconds) 


T = ar. 


a s 3.67 
= 30  Hz 


a a 3.67 
fX  = 30  Hz 


/ 1^/3 

/ 3a  \ 

\ . 3a  - . 1 / tt  T 

fh  = 

\.  3a+  1.9  / 

Frequency  Table  (Hz) ; f^2  = 


a < 3.67 


a > 3.67 


^ f + ^«»2)  ,,  r^h  + ^m2  ^ r 

5 » ^in2»  5 ^ > 


e r r I “ ' mz  1 - - (^ml  + ^h)  . ^ \ 

^ml*  2 ’ ^>"2’  2 7 ^h’  h'  ^ml*  2 ’ V h ^ ^ 

(1  + 10-P) 


a 


1 Input  Parameters; 

= volts /amps  into  designated  load,  R 
= bit  rate  ^ ^ (Hertz) 

T = pulse  duration  (seconds) 

f£  = 30  Hz 

fh  = 1.08/t  Hz 

Frequency  Table  (Hz) ; 


f.,  .59f.  . .82f.  , f.  , f (1  + 10“^) 


Required  Input  Parameters; 

a = volts /amps  into  designated  load,  Rl 
Tb  = bit  rate  (rj,  = T ) (Hertz) 

T = pulse  width  ( to  decay  to  j ) (seconds) 
f£  = 30  Hz 

= 1.52/t  Hz 


Frequency  Table  (Hz) ; 

f..  .13f.  . .18f,  . .26f,  - .34f.  . .39f,  . .61f.  . .76f.  . f,  , f,.  (1  + 10“^) 


Damped  Sinusoid  Pulse  Train 


(DMPSIN) 


or  XCO 


ae  s-.n 


Required  Input  Parameters: 


volts /amps  into  designated  load, 
bit  rate  ^r^,  = "ii;  j (Hertz) 

frequency  of  sinusoid  ( (Uq  = ^Trfr)  (Hertz) 
inverse  of  decay  constant  ^fj  = i ^ (1 /seconds) 

30  Hz 


= (^r  ^ 


Frequency  Table  (Hz) : 


fr’  ^r  - ^r  - 

Note:  Omit  frequencies  < 30  Hz.  (f^  + 12.7  fj)  (1  + lO”^), 


(f_  - 12.7  f,)  (1+10  ) 


Voice 


(VOICE) 

No  input  parameters.  The  model  is  based  on  a statistical 
average  of  representative  voice  signals. 

fjj  = 30  Hz 

fh  = 4400  Hz 

Frequency  Table  (Hz) ; 

30,  45,  70,  100,  200,  1000,  4000,  4400(1  + lO"’^) 


Clipped  Voice 
(CVOICE) 

No  input  parameters.  The  model  is  based  on  a statistical 
average  of  representative  clipped  voice  signals. 

= 30  Hz 

fj^  = 3200  Hz 


Frequency  Table  (Hz) ; 


III.  RF  Emitter  Models: 


i 

f 


j These  types  of  emitter  models  are  intended  to  characterize 

I radio  frequency  transmitters  which  are  connected  to  antennas. 

i 


Id)  


Rt 

The  power  into  the  designated  load,  -Rl*  is  required  as  one  important 
input  parameter.  If  the  matching  network  is  lossless  then  this 
quantity  is  directly  related  to  the  power  radiated  by  the  antenna. 

The  format  for  the  RF  Emitter  Models  will  be  quite  similar  to 
the  format  for  the  Signal /Control  Line  Emitter  Models  with  one 
important  distinction.  In  all  of  these  cases  a carrier  frequency,  f^,, 
is  modulated  by  the  information  by  either  amplitude  modulation  of  the 
carrier  (AM)  or  frequency  modulation  of  the  carrier  (FM). 

In  amplitude  modulation,  we  will  designate  the  voltage,  V{t), 
(or  current,  I(t),)  as 


V(t)  = m(t)  cos  ( Zirfct  + 0 ) 


where  f,,  is  the  carrier  frequency,  0 is  a phase  angle  and  m(t)  is  the  time- 


domain  modulation  signal.  A typical  AM  signal  is  shown  below* 


Only  the  waveform  of  m(t)  will  be  shown. 

In  frequency  modulation,  the  modulating  signal  varies  the  carrier 
frequency.  A typical  FM  signal  is  shown  below* 


Again  only  the  modulation  signal,  m(t),  will  be  shown  and  the  general 
form  of  an  FM  signal  is 

V(t)  = Kcos  iZnf  t + ZnA^mlTldT"^ 

J 


where  A is  the  freOiiencv  deviation  constant  and  {,■  is  the  carrier  freoiiencv. 


Continuous  Wave 


(CW) 


This  models  a single  frequency  sinusoidal  waveform: 


V(t)  = a cos  (2  TT  f^  t) 


Required  Input  Parameters : 

f£  = fj^  = f(,  (Hertz) 

iTMultiply  by  1/R  if  V(t)  is  a voltage 
^ ~ “2"  (Watts)  land  Rj^  if  V(t)  is  a current 

bwc  = 1 (Hertz) 


Frequency  Table  (Hz); 


f 

c 
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Pulse  Duration,  Modulation /AM 


1 


(PDM) 

Waveform  is: 

V(t)  = m(t)  cos  (2rr  f^-t  + 0) 
m(t)  is  PDM  S/C  modulation: 


I I 


Required  Input  Parameters: 


j 

I 


fjj  = fh  = carrier  frequency  f^,  (Hertz) 

a^  /w  ffMultiply  by  1/R  if  V(t)  is  a voltage 

P “ “ (as)  a current 

rtj  = bit  rate  of  modulation  (r^  = ) (Hertz) 

bwc  =11.03  r^j  (Hertz) 


} 


Frequency  Table  (Hz) ; 

fc»  + .Ibwc,  f^,  + .175bwc,  ± .275  bwc,  + .Sbwc 

± 10  ^),  (fj,  - .5  bwc)  (1  + 10"^) 


Pvilsc  Cixlt 


Pulse  Code  Modulation  - Biphaso /A  M 
(BPPCM) 


Waveform  is: 


V(t)  = m(t)  cos  (2  Tr  f^  t + 0) 
m(l)  is  PCM- Biphase  S/C  modulation; 


(;  + er.i)o- 

■T'-7 


0 1 0 
I 


2a 


Cl  -cM)a. 


/ I 


• 1/ 


I I 


X Slower  s-ta-teJT 


i 


Required  Input  Parameters; 

f.  = = carrier  frequency  (Hertz) 


2 jTMuUiply  by  ^ voUage 

p = — (Watts)  Hand  Rr  if  V(t)  is  a current  J 

2 

Tb  = bit  rate  of  modulation  ^ } (Hertz) 


em  = modulation  index 


bwc  = 20  rjj  (Hertz) 


Frequency  Table  (Hz) ; 

fj,,  fj,  + .05bwc,  + .Ibwc,  fj,  + .175bwc,  + .275bwc,  + .5bwc. 

(f^  + .5  bwc)  (1  + 10"^),'  (f^  - .5  bwc)  (1  + lO"^) 
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Pulse  Position  Modulation /AM 


(PPM) 


Waveform  is; 


■V(t)  = m(t)  cos  (2  TT  fc  t + 0) 
m(t)  is  PDM  S/C  modulation: 


Required  Input  Parameters; 


= fjj  = carrier  frequency  fc  (Hertz) 

2 JT  Multiply  by  1/R,  if  V'(t)  is  a voltage  \ 

p = (Watts)  ILand  if  V(t)  is  a current  J 


rb  = bit  rate  of  modulation  ^ rb  = ) (Hertz) 

T = pulse  width  (seconds) 
bwc=6.37/T  (Hertz) 


Frequency  Table  (Hz) ; 

fc»  - 'O^bwc,  fj,  + .Ibwc,  fj.  + .175  bwc,  + .275  bwc,  + .5  bwc 
(fc  + .5  bwc)  (1  + lO”^),  (f  - .5  bwc)  (1  + 10"**) 


’I>)i  12]^ /'^M 

(TELKG) 


Wavt^form  ir. ; 

V(t)  = in(t)  cos  cos  (2Tlf^t) 

where  ni(l)  is  a sequence  of  trapezoidal  pulses: 


WPM  = Words  Per  Mirute 
ffone  ■ tone  modulation  frequency 


P = 
wpm 


carrier  frequency  (Hertz) 


d (Watts)  ^ j 

2 Hand  Rj  if  V(l)  is  a current  J 


Words  Per  Minute 


Required  Input  Para  me  te  r s ; 


*^tonfc  = ^tone  (Hertz) 

bwc  = 7.9&wpai  +2ftone 
Frequ e ncy  Table  ( ’ I z ) : 

^tone  ^ ^tone  ^ ® 

fj.,  fj,  ± .398wpni,  fj.  + .8wpm,  + l.Awpm,  + (.398wpm  + f ’ ^c  - 


I 


i 


I 


f^  + 2.2wpra,  f^  + 3.98wpm  (.8wpm  + £tof,e^*  ^c  i (l.'iwpni  + 


Binary  Frequency  Shift  Keying  /FM 


(FSK) 


Waveform  is: 


V(t)  = a cos  Tz  rr  f c t + ^ ud  \ m(t')  dt 


wm 

mmmm 


where  m(t)  is  a binary  waveform  which  can  assume  the  values  of  +1  or 
-1  with  probability  0.  5.  Transitions  in  frequency  ^ between  f^,  ± ^ 

are  separated  by  the  bit  interval  T. 


Required  Input  Parameters; 

, fl  + f? 

~ - earner  frequency  = (Hertz) 

p = ^ (Watts)  ^Multiply  by  1/Rj_^  if  V(t;  is  a voltage 

Z , , »Land  Rt  if  V(t)  is  a qurrent 

/ 1 \ ^ I 

r^  = rate  \ j'  J (seconds) 

diff  = |fi  - f2|  (Hertz) 

(continued) 


diff  > 


diff  < 


bwc 


Frequency  Tablo  (llz)  : 

fc  i -^^3],  ± [a  + .5B], 

+ [a  + .75B;|,  + [a  + 3], 

(f^  + a + 6)  '(1  + 10"^),  (fj,  - a - 3)  (1  ± lO”^) 


2 


diff  < r.  : 


Pulse  Amplitude  Modulation/FM 


(PAMFM) 

The  PAMFM  signal  is  a carrier  which  is  frequency  modulated 
by  the  PAM  S/C  modulation,  a is  the  amplitude  of  the  FM  carrier,  N 
signals  are  sampled,  fjj^  is  the  maximum  frequency  of  the  information 
in  each  sample,  a is  the  variance  of  each  sample,  and  t is  the 
sampling  pulse  width. 


Required  Input  Parameters; 

p = a^  N f^  T (Watts)  ^Multiply  by  l/R  if  V(0  is  a voltage 

Uand  Rj^  if  V(t)  is  a current 

df  = 3 a 

bwc  = 4a  (Hertz) 


Frequency  Table  (Hz) ; 

fc’  ^ (fc  + 2 a)  (1  + lO"^),  (f^  - 2 a)  (1  + io'^) 
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RADAR 


Rectangular  Pulse 
(RADAR,  RECTPL) 

Waveform  is: 

V(t)  = m(l)  cos  (2  ^ f^.  t 4 t) 
m(t)  is  Rectangular  Pulse  Train  S/C  modulation: 


mL-t) 


~ carrier  frequency  f^  (Hertz) 

^ 2 (Land  Rj^  if  V(t)  is  a current  J 

rjj  = bit  rate  of  modulation  ^r^jj  = A ^ (Hertz) 

T = pulse  width  (seconds) 

bwc  = 6.  37/t  (Hertz) 

Frequency  Table  (Hz) ; 

fc»  ff.  i aOShwc,  fj,  + .Ibwc,  fj,  + .175bwc,  + .275bwc,  + .5bwc  , 

(f^  + .5  bwc)  (1  + 10“^),  (f^  - .5  bwc)  (1  + 10”^) 
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RADAR 


Trapezoiilal  Pulse 


(RADAR,  TPZD) 


rustvi^ 


Waveform  is: 


V(t)  = m(t)  cos  (2  n fc  t +0) 
m(t)  is  a Trapezoidal  Pulse  Train  S/C  modulation 


with  unequal  rise  and  fall  times: 


1^1  ^ / IX! 


I I 


I*-  t>  -w 


Required  Input  Parameters: 


f^  = fj^  = carrier  frequency  f^.  (Hertz) 


^2  ITMultiply  by  1/R,  ‘f  V(t)  is  a voltage  Tl 

P = ~ (Watts)  (Land  Rj_^  if  V(t)  is  a current  J 

rjj  = bit  rate  of  modulation  ( fb  = ) (Hertz) 

T = modulation  pulse  width  (between  half  amplitude  levels)(seconds) 

Tj.  = modulation  pulse  rise  time  (seconds) 

Tf  = modulation  pulse  fall  time  (seconds) 

/ 2ir  Tf  \ 


T = a 


( ^’’r  '^f  N 

\ Tr  + If  / 


a < 3.67 


Ot  :e  3.67 


Ijwc  = 


/ y /3 

V . 3a  - . 1 . nr 


= (.3^rfl79) 


Frequency  Table  (Hz):  (f  « l/ttT,  f , ■=  Of  ,) 

ml  IHa  ml 


a < 3.67 


a t-  3.67 


fc  ± f.,1*  fc  ± ).  tc*  i i ^ 

± ^,7’  fc  ± -r  ’ i ^ . (fc 

(,  , LT)  (,  . in-’’),  (f^  _ (I  + J,r‘’)  (f  - biiC)  (1  + 10"^) 

* '••2  r 2 


(f  - (1  + 10"^) 

c 2 


RADAR 


Cosine-Squared  Pulse 
(RADAR,  COSQD) 


Waveform  is: 


V(t)  = m(t)  cos  (2  TT  fj.  + 0) 
m(t)  is  a train  of  pulses  of  the  form: 


V -'/I 


m(t)  = a cos 


Mif) 


Required  Input  Parameters: 


-T  S t S T 


= carrier  frequency  (Hertz) 

1 Multiply  by  1/R  if  V(t)  is  a voltage  \ 
p - _ (Watts)  j 

r^j  = bit  rate  of  modulation  (rfc  = "^  ) (Hertz) 

T = |:nodu^Hon  pulse  width  (between  half  amplitude  levels) 
bwc=.87/T  (Hertz) 


Frequency  Table  (Hz) : 


f^.  + .39bwc,  + .43bwc,  + .47bwc,  + .5bwc,  (f^  + .5  bwc)  (1  + lO"^) , 


(f  - .5  bwc)  (1+10  ) 

c — 


RADAR 


Gaussian  Pulse 
(RADAR,  GAUSS) 

Waveform  is: 

V(t)  = m(t)  cos  (2  tt  t + 0) 

m(t)  is  a train  of  pulses  of  the  form: 

r.i  ') 


\ 


■'/- 


/ ... 


\ 


'I 


-i 

I ' I \ 

' I 


I 


I.-. 

I 


I 


m(t)  = a e 


^^]^n(2)  - 


t \ 2 


V:> 


J:  s t « J; 
2 2 


Required  Input  Parameters : 

f^  = fj^  = carrier  frequency  (Hertz) 

,2  jr  Multiply  by  l/R^  if  V(t)  is  a voltage  \ 

p =_  (Watts)  iandRLifV(t)  i^a  current  i 

ri3  = bit  rate  of  modulation  ( } (Hertz) 

T = modulation  pulse  width  (between  half 
amplitude  levels)  (seconds) 
bwc  = 1.06/t  (Hertz) 

Frequency  Table  (Hz) : 

fj.,  fj.  + .Ibwc,  fj,  + .24bwc,  fj,  + .38bwc,  + .5bwc,  (ff.  + .5  bwc)  (I  + 10"^), 
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- ,5  bwc)  (I  + 10  ^) 


JBIS  PAffiE  IS  BEST  QUALITY  PRACIICABLZ 
EBOM  COPY  FURNISHED  TODiDC 


liAI'AR 
Oil  ij) 

(RAUAK,  CllIttP) 

Waveform  is: 

V(t)  = m(t)  cos  I2ii  (ffl  + §7  ) t] 

b 

0 < t < T. 

- - b 

m(t)  is  a train  of  pulses  of  the  form: 


AMPLITUDE  MODULATION 


( I)  Double  Sideband  (AM): 
Waveform  is: 


VOICE  CVOICI 


V{t)  = a { 1 + em  m(t)  ) cos  (2  rr  t + <t>) 

bwc  (Hertz)  = 8800 

( II)  Double  Sideband  Suppressed  Carrier  (DSBSC): 

Waveform  is: 


V(t)  = a m(t)  cos  (2  rr  f^.  t + 0) 

bwc  (Hertz)  = 8800 

(III)  Single  Sideband,  Lower  (LSSB): 

Waveform  is  as  in  (II)  with  upper  sideband  eliminated. 

bwc  (Hertz)  = 4400 

(IV)  Single  Sideband,  Upper  (USSB): 

Waveform  is  as  in  (II)  with  lower  sideband  eliminated. 

bwc  (Hertz)  = 4400 


6400 


6400 


3200 


3200 


Required  Input  Parameters: 


"]■ 

fhJ 


em 

SIG 


the  transmitter  tuning  range  (Hertz) 
f^  ^ fc  ^ ^h 

modulation  index  0 < em  s 1 


(Watts)  JMultiply  by  1/R^  if  V(t)  is  a voltage  | 
' ^ Hand  Rr  if  V(t)  is  a current  3 


VOICE  (voice) 

CVOICE  (clipped  voice)  ^ ni(t) 

NONVCE  (nonvoice) 
bandwidth  of  modulation  (3dB)  if  SIG  = NONVCE.  (Hertz) 


If  SIG  ^ NONVCE,  modulation  bandwidth  generated 
in  code  and  b is  not  used.  Use  a 0 placeholder  in 


this  case. 


(continued) 


Frequency  Table  Olz): 

(I)  Double  Sideband  (AM) : 


fq.  - 100,  - 200,  - 1000,  - 4000,  - 4400,  - 4400)  (1  + lo"**) 

fj,  + 100,  + 200,  fjj  + 1000,  + 4000,  fj,  + 4400,  (f  + 4400)  (1  + lo'**) 

CVOICE  " 

fc.  - 350,  - 750,  - 3200,  (.t^  - 3200)  (1  + lO"*") 

fj,  + 350,  + 750,  + 3200,  (fj^  + 3200)  (1  + lo"^) 

(II)  Double  Sideband  Suppressed  Carrier  (DSBSC) : 


- 100,  - 200,  - 1000,  - 4000,  - 4400,  (f^  - 4400)  (1  + 10~^) 

£h  '*  100,  + 200,  + 1000,  + 4000,  + 4400,  (f.  + 4400)  (1  + 10"^) 


CVOICE 


- 350,  - 750,  - 3200,  - 3200)  (1  + lo"^) 

+ 350,  fj,  + 750,  + 3200 , (fj^  + 3200)  (1  + 10"’’) 

(-II)  olngle  Sideband.  Lower  (LSSB) ; 


*h*  "200,  - 1000,  --4000,  - 4400.  (f^-  4400)  (1  + 10“^), 


CVOICE 


(1  ± lO"’^) 


Ifa*  *4  ■ 350,  - 750,  £j^  - 3200,  (.f^  - 3200)  (1  + 10~^),  £j^  (i  + lo"’’) 

(IV)  Single  Sideband.  Upper  (USSB); 


+ 100,  £j^  + 200,  £^  + 1000,  £^  + 4000,  £^  + 4400  . (£j^  + 4400)  (1  + lo'^). 


CVOICE 


£^  (1  + 10"*^) 


*1’  * ^30.  f,,  + 750,  £j^  + 3200  . (f^  + 3200)  (1  + lo"^),  £^  (1  + 10"’’) 


FREQUENCY  MODULATION 


Waveform  is: 


f(t)  = a cos[2TTf^t  + ZttA  J"  m(T)  di  + 0] 


where  m(t)  is  the  random  modulating  signal  (VOICE,  CLIPPED  VOICE, 
NONVOICE)  and  0 is  a random  variable  independent  of  m(t)  with 
uniform  distribution  over  (0,  2Tr) 


Required  Input  Parameters: 


f = f,  = carrier  frequency  f (Hertz) 
n c 

2 

r,  = ^ rMultiply  by  1/R^  if  V(t)  is  a voltage, 

^ 2 and  if  V(t)  is  a current 

b = 6 dB  bandwidth  of  modulating  signal  if  N0NVOICE 
(Hertz).  If  VOICE,  b = 712.  If  CLIPPED  VOICE, 
b = 622. 


df  = maximum  frequency  deviation  from  carrier  (Hertz) 
bwc  = 2(df  + b) 

Frequency  Table  (Hz) : = df  + b) 


(fc  + 2Bj^)  (1  + 10-P),  (f^  - 2Bpj^^)  (1  + 10"^) 


MISSION 

of 

Rome  Air  Development  Center 


RADC  plans  and  conducts  research,  exploratory  and  advanced 
developstent  prograws  in  coimaand,  control,  and  cmmunications 
(C^)  activities,  and  in  the  areas  of  informatior,  sciences 
and  intelligence.  The  principal  technical  mission  areas 
are  coasunications , electromagnetic  guidance  and  control, 
surveillance  of  ground  and  aerospace  objects,  intelligence 
data  collection  and  handling,  information  system  technology, 
ionospheric  propagation,  solid  state  sciences,  micromve 
physics  and  electronic  reliability,  maintainability  and 
coeqmtibility. 
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